Gentamicin activates cultured rat mesangial cells. A role for platelet activating factor. Gentamicin-induced decreases in glomerular filtration rate have been associated with a marked decline in the glomerular capillaiy ultrafiltration coefficient which could be mediated by mesangial cell contraction or release of vasoactive hormones. We studied the effect of gentamicin on mesangial cells proliferation, contraction and Ca2 mobilization, Moreover, we attempted to assess a possible role of platelet activating factor (PAF) as a mediator of the observed effects of gentamicin on mesangial cells. Gentamicin induced a reduction of planar surface area of cultured rat mesangial cells that was blunted by the PAF-antagonist, BN-52021. Gentamicin induced an increase in [Ca2 ] that was inhibited by BN-52021. Gentamicin also stimulated [3H]thymidine incorporation into DNA, an effect that was also reduced by BN-52021, and by other two structurally different PAF receptor antagonists: aiprazolam and BB-823. Gentamicin induced c-fos mRNA expression in quiescent mesangial cells. Gentamicin stimulated the synthesis and release of PAF in cultured rat mesangial cells. The present studies demonstrate that gentamicin activates mesangial cell function. These actions seem to be mediated, at least in part, by PAF synthesis and release.
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Gentamicin is an aminoglycoside antibiotic which is very effective in treating difficult gram-negative infections [lj. However, one of its main side effects is nephrotoxicity, even at lower therapeutical doses [2] . Gentamicin is specifically reabsorbed by proximal tubular cells [3] and accumulated into the lysosomes, inducing PIP2-enriched phospholipidosis [2] ; it thus causes cellular necrosis. However, although gentamicin-induced nephrotoxicity is mainly tubular and cellular necrosis is confined to cells of the nephron segment where gentamicin is absorbed [4] , chronic treatment with gentamicin induces decreases in glomerular filtration rate (GFR) [5] . Schor et a! [5] have shown that the decrease in GFR induced by gentamicin is due to a marked decline in the glomerular capillary ultrafiltration coefficient (K1) and in the glomerular plasma flow rate.
Mesangial cells are perivascular pericytes located within the central portion of the glomerular tuft between capillary loops [6] . Mesangial cells have a variety of functions including: (a) synthesis and assembly of the mesangial matrix, which in turn regulates the viscoelastic and hydraulic properties of the niesangium; (b) endoReceived for publication August 22, 1994 and in revised form December 20, 1994 Accepted for publication December 22, 1994 © 1995 by the International Society of Nephrology cytosis and processing of plasma macromolecules including immunocomplexes; and (c) control of glomerular hemodynamics via mesangial cell contraction or release of vasoactive hormones.
Mesangial cell activation could then be responsible for gentamicininduced reduction in GFR. Platelet activating factor (PAF) seems to be one of the several local mediators which probably plays an important role in the regulation of Kf [7] . PAF can be synthesized and released by isolated glomeruli and cultured mesangial cells under various conditions [8, 9] . When injected into the circulation, PAF induces a reduction of GFR and RPF [10, 11] . In addition, PAF is able to contract isolated glomeruli and cultured mesangial cells [12, 13] . We and others [14] have previously demonstrated that PAF plays a role in gentamicin-induced nephrotoxicity [15] .
To evaluate the role of mesangial cells in gentamicin-induced nephrotoxicity, we studied the effect of gentamicin on mesangial cell proliferation, contraction, and Ca2 mobilization. Moreover, we attempted to assess a possible role of PAF as a mediator of the observed effects of gentamicin on mesangial cells.
Methods

Materials
Collagenase type IA, from Clostridium histolyticum, L-glutamine, sodium selenite, transferrin and insulin (human), phenylmethylsulfonyl fluoride (PMSF), PAF (1-O-alkyl-2-acetyl-sn-glyceryl-3-phosphoryl choline) were purchased from Sigma (St. Louis, MO, USA). Penicillin was obtained from Laboratorios Level SA (Barcelona, Spain). RPMI 1640, Hank's balanced salt solution, trypsin-EDTA solution and fetal calf serum were obtained from Whittaker Laboratories (Barcelona, Spain). BN-52021 was a gift from Henry Beaufour Institute (Paris, France). Alprazolam was a gift from Upjohn (Kalamazoo, MI, USA). BB-823 was a gift from Butsh Biotechnology Limited. Gentamicin was a gift from Antibioticos Farma (Madrid, Spain). [3Hlthymidine and [3Hlacetate were purchased from New England Nuclear (Bad Homburg, Germany). Reagents for polymerase chain reactions were obtained from Perkin Elmer Cetus (CT, USA). All the other reagents were of the highest commercially available grade.
Cell culture
Glomeruli isolated by successive mechanical sieving (150 and 50 tim), from Wistar rats weighing 150 to 200 g, were treated with 300 U ml1 collagenase, plated in 25 cm2 plastic tissue culture bottles (Nunc, Denmark) and maintained in the conditions described previously [16, 17] . The culture medium consisted of RPM! 1640 supplemented with 10% FCS, L-glutamine (1 mM), penicillin (0.66 .tgIml), streptomycin sulfate (60 iWml), and was buffered with Hepes, pH 7.2. The culture medium was changed every two days. Studies were performed with cells in the first passage (21 or 22 days), at which time epithelial cells were no longer detected in the culture bottles. The identity of the cells was confirmed by morphological, functional and immunohistochemistry criteria described previously [16, 17] .
Detennination of planar cell-surface area Direct observation of mesangial cells grown in conventional plastic culture plates was carried Out at room temperature under phase contrast with an inverted Nikon photomicroscope using a CCD video camera (Hitachi KP 110) and a Hitachi monitor. Serial photographs of the cells were taken before and after experimental additions using an on-line videoprinter (Sony UP 910). Five to ten cells were analyzed per photograph. In every experimental block all the cells were from a single culture. Experiments were performed in triplicate. Surface area was determined by computerized image analysis using the IBAS II image analyzer system (Kontron Medical, Germany). Actual area was calculated after correction for microscope and photographic The cell layers were washed with ice-cold phosphate-buffered saline and fixed with 1 ml of ice-cold 10% trichloroacetic acid for 15 minutes; acid insolubte material was solubilized with 1 ml 0.1 M NaOH for 30 minutes at 60°C. After NaOH exposure, radioactivity was measured in a scintillation counter.
We also measured the viable cell number in the wells, using a commercial modification (Cell Titter 96; Promega, Madison, WI, USA) of the method of Hansen, Nielson and Berg [19] that has been previously described [20] . In brief, cells subcultured to subconfluence in 24 well plates were made quiescent and were incubated for 24 hours under the experimental conditions described above. The medium was removed and 1 ml of fresh incubation medium was added. Then 150 jil of a solution of tetrazolium bromide salt [3,(4,5-dimethylthiazol-2-1)2,5-diphenyltetrazolium bromide, 5 mg/mI] were added to each well. The plate was returned to the incubator for four hours, following which 1 ml of the solubilization solution containing sodium dodecyl sulphate, and N,N-dimethyl formamide, pH 4.7, was added. After one hour at room temperature, the content of the well was mixed thoroughly using a Pasteur pipet to obtain a uniform color, and the content of the wells was transferred to a cuvette and read at 570 nm in a spectrophotometer. Optical density at 570 nm was proportional to viable cell number in each well [20] .
Cell toxicity
To assess whether the concentrations of gentamicin used could affect mesangial cell viability, cells were plated in 6 x 4 wells plates, and after reaching subconfluence, medium was removed and replaced with fresh medium (RPMI 1640 + 10% FCS) containing gentamicin (10-6 to iO M) or fresh medium alone. After two hours of incubation, the number of viable cells in each well was measured by the cell titer method described above.
PAF extraction and incorporation of [3H]acetate into PAF
Specific [3HJacetate incorporation into PAF was measured. Confluent mesangial cells grown on culture bottles were washed twice with culture medium without FCS and then incubated with 1 ml of the same medium. Agonist and antagonists were added. After 30 minutes at 37°C, 75 Ci of carrier-free [3H}acetate and PMSF (10 M, final concentration) were added, and an additional 30 minute incubation at 37°C was performed. Reactions were stopped by the addition of 1 ml of 2% methanol acid, and the cells were scraped from the surface of the culture bottles. Cell suspension was centrifuged at 1800 rpm for five minutes, the supernatant collected, and the precipitate used for protein quantitation and then discarded. PAF was extracted from the methanolic phase as previously described [21] . In brief, chloroform was added to the methanol to a proportion of methanol:chloroform 1:1 vol:vol, and gently stirred. After phase formation by centrifugation, the chloroform phase was removed and new chloroform added to the methanol in the same proportion. The process was repeated and both chloroform phases were pooled and dried under N2 atmosphere. Extracts were resuspended in 2 ml chloroform acid (2% acetic acid). PAF extraction was performed with Bond-Elut C18 column (Sep-Pak; Waters, Milford, MA, USA).
These columns were pretreated by successively washing with 2 ml methanol, 2 ml water and 5 ml of 10% acid acetic in water. Then the samples were applied to the columns. After this, the columns were washed twice with 1 ml of 10% acetic acid, followed by three aliquots of 2 ml ethyl acetate, and finally by 6 ml methanol. The eluate was collected in polypropylene tubes. The methanol phase Time, minutes was recovered and evaporated to dryness under a gentle stream of nitrogen. In preliminary studies it was observed that PGE2 and TXB2 were completely eluted from the cartridge with the two first solvents, and that nothing of these compounds appeared in the fractions where PAF was recovered [81. PAF recovery was assessed using [3H]PAF and was found to vary between 70 and 80%. Extracts were resuspended in 1 ml methanol and the radioactivity was measured by liquid scintillation spectrometry.
Studies with or without gentamicin were always carried out in paired experiments using cell culture bottles of the same culture batch. Conditions tested included cells exposed to gentamicin (106 to i0 M) and cells exposed to medium containing 10% FCS as positive control. After 30 minutes of stimulation, mRNA was extracted from 5 X iO cells by the NP-40 lysis procedure [22] .
The RNA (1 to 2 g) mRNA was submitted to a reverse transcription reaction using oligo dT primers (Promega) [23] . The eDNA was amplified by polymerase chain reaction (PCR) using oligonucleotides derived from two adjacent exons of the actin gene and the c-fos gene using a thermal cycler and amplitaq DNA polymerase [24] . Oligonucleotides were synthesized by the De- 
Results
Cell contraction
The amplification conditions consisted of denaturation at 94°C for two minutes, annealing at 60°C for two minutes and extension at 72°C for two minutes. The number of cycles was 25. PCR products were size fractioned by agarose gel electrophoresis.
After staining with ethidium bromide, DNA bands were visualized with an ultraviolet transilluminator.
Statistical methods
In the proliferation studies, each value was obtained as the Mesangial planar cell surface area (PCSA) decreased significantly when cells were incubated with gentamicin (i0 M). This effect increased progressively as a function of the time (Fig. 1) . No changes could be observed in PCSA of mesangial cells incubated with culture medium through the whole experimental period.
Considering a 10% of reduction in PCSA as a significant contraction, gentamicin (10 M) contracted an average of 80% of control cells after 60 minutes of incubation, whereas less than 10% of control cells contracted under the same experimental conditions.
Preincubation of mesangial cells with the PAF antagonist, BN-52021 (5 X 1O M), decreased significantly the contractile response to gentamicin (Fig. 1) . BN-52021 alone did not modify PCSA.
Cytosolic free calcium changes Gentamicin (10 M) induced a slow and progressive increase in [Ca2] from the resting levels (Fig. 2) . There was a maintained #Statistically significant differences with respect to cells incubated with gentamicin alone (P < 0.01). Statistically significant differences with respect to C (P < 0.05) (one-way analysis of variance). Data represent the mean SEM of at least 6 experiments performed in triplicate. a Statistically significant difference (P < 0.01) with respect to cells incubated in control conditions (one-way analysis of variance).
increase in [Ca2]1, that reached about two times the basal values at 10 minutes (Fig. 2) . When gentamicin (10-i M) was added to mesangial cells preincubated for 15 minutes with BN-52021 (5 X iO M), the gentamicin-induced increase in [Ca2J1 was not observed (Fig. 3) .
Cellular proliferation
Gentamicin increased [3Hlthymidine incorporation into DNA in quiescent mesangial cells, and this increase was significant at doses of io M and iO M (Fig. 4A) . BN-52021 at doses 5 X iO M significantly reduced the gentamicin (10 M) stimulated thymidine incorporation into DNA, while no differences with respect to basal values were observed when mesangial cells were incubated in the presence of gentamicin (10-i M) and BN-52021 at doses of 5 X i0 M (Fig. 5A) . BN-52021 alone had no effect on thymidine uptake. Two other PAP antagonists, aiprazolam (10-i M) and BB-823 (5 X 10 M), also significantly reduced the gentamicin 10 M-stimulated thymidine incorporation into DNA (Fig. 6A) .
Gentamicin increased the number of viable cells in a dose dependent manner after 24 hours of incubation (Fig. 4B) . BN-52021 significantly reduced the increase in viable cell number induced by gentamicin (10 M) (Fig. 5B) , whereas BN-52021 alone had no effect on cell number. Alprazolam and BB-823 also significantly reduced the effect of gentamicin on the number of viable cells (Fig. 6B) . Platelet activating factor stimulated both thymidine incorporation into DNA and the number of viable cells; these effects were completely blocked by BN-52021 5 X iO M (Fig. 7) . The present results demonstrate that gentamicin induced a reduction of planar cell surface area (PCSA) of cultured rat mesangial cells. It has been generally accepted that this reduction in PCSA represents true mesangial cell contraction [6] . Moreover, a reduction in Kf [251 has been shown with several vasoactive substances that cause reduction in PCSA, and also glomerular contraction [13] . In addition, previous studies have shown that reduction in PCSA was associated with an increase in myosin light chain phosphorylation [26] .
Associated with the reduction in PCSA, gentamicin also induced a slow but sustained increase in [Ca2] in mesangial cells.
The relationship between mesangial cell contraction and increased [Ca2]1 has been reported for several vasoactive substances [6] . Incubation with gentamicin also stimulated mesangial cell proliferation, demonstrated by both the increase in cell number and the increase in DNA synthesis. The lower proliferative effect of the higher concentrations of gentamicin can be explained by the relative toxicity of this dose, as demonstrated in the studies of cell viability after two hours of incubation. Cell proliferation is also an event associated with increased [Ca2] in mesangial cells [27] . Gentamicin induced c-fos mRNA expression in mesangial cells. c-fos and c-jun mRNA expression has been associated to cell proliferation in mesangial cells [27] . c-fos and c-jun proteins are the structural components of AP-1 complex, an important transacting factor that binds to cis elements in promoter and enhancer regions of numerous genes and regulates their expression [281.
At least a substantial part of the mesangial cell activation by gentamicin seems to be mediated by the activation of synthesis and release of PAF by mesangial cells. In addition, gentamicin enhances the incorporation of acetate into PAF in cultured mesangial cells. This is deduced from the fact that gentamicininduced mesangial cell contraction was partially abolished by preincubation with the PAF antagonist BN-52021 [29] . This blockade seems to be specific, since it has been previously shown that BN-52021 blocked PAF-induced but not angiotensin-induced mesangial cell contraction [17] . Further support to the role for PAF in mesangial cell activation is given by the facts that the gentamicin-induced increase in [Ca2]1 and mesangial cell proliferation were also blocked by preincubating the cells with several, nonstructurally selected PAF antagonists, such as BN-52021, alprazolam [29] and BB-823 [30] . It has already been demonstrated that PAF can be released by mesangial cells [9] and isolated rat glomeruli [8] . PAF induces mesangial cell contraction [12] and also proliferation, as shown in this study and in previous studies [20, 31] . We have previously demonstrated that the contractile effects of cyclosporin A [16] , endothelin [321 and reactive oxygen species [261 on cultured rat mesangial cells are mediated by synthesis and release of PAF.
Thus, PAF synthesis and release could represent a common pathway of mesangial cell activation by different heterogeneous stimuli. Furthermore, a role for PAF in the renal effects of gentamicin is also supported by the data of Pavao dos Santos et al [14] and RodrIguez-Barbero et al [15] , demonstrating that the administration of PAF antagonists partially protected against the reduction in renal function induced by gentamicin treatment.
In conclusion, the present studies demonstrate that gentamicin induces mesangial cell contraction and proliferation, c-fos mRNA ..-actin5lObp
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